Abstract.
In this paper, we have looked for enhancements of the O/N2 ratio in data measured by the Dynamics Explorer 2 (DE 2) satellite in the middle latitudes of the winter hemisphere, based on a prediction that was made by the National Center for Atmospheric Research thermosphere/tonosphere general circulation model (NCAR-TIGCM) that such increases occur. The NCAR-TIGCM predicts that these enhancements should be seen throughout the low latitude region and in many middle latitude locations, but that the enhancements in O/N2 are particularly strong in the middle-latitude, evening-to-midnight sector of the winter hemisphere. When this prediction was used to look for these effects in DE 2 NACS (neutral atmosphere composition spectrometer) data, large enhancements in the O/N 2 ratio (-50 to 90%) were seen. These enhancements were observed during the main phase of a storm that occurred on November 24, 1982, and were seen in the same region of the winter hemisphere predicted by the NCAR-TIGCM.
They are partially the result of the depletion of N 2 and, as electron loss is dependent on dissociative recombination at F 2 altitudes, they have implications for electron densities in this area. Parcel trajectories, which have been followed through the NCAR-TIGCM history file for this event, show that large O/N2 enhancements occur in this limited region in the winter hemisphere for two reasons. First, these parcels of air are decelerated by the antisunward edge of the ion convection pattern; individual parcels converge and subsidence occurs. Thus molecular-nitrogen-poor air is brought from higher to lower heights. Because neutral parcels that are found a little poleward of the equatorial edge of the eveningside convection pattern are swept inward toward the center of the auroral oval, the enhancements occur only in a very limited range of latitudes. Second, nitrogen-poor air is transported from regions close to the magnetic pole in the winter hemisphere. During geomagnetic storms, enhanced meridional winds are driven by the increased pressure-gradient force that is associated with intensified Joule heating in the auroral oval. These pressure-driven winds decrease rapidly on the dayside beyond the auroral oval where the parcels originate, limiting the region into which the parcels can be transported. Thus these two processes drive values of O/N2 in a limited region of the winter hemisphere, and reinforce only in the evening sector, causing large changes in this region.
Introduction
The idea that negative storm effects (decreases in F2 electron densities at high and middle latitudes) could be caused by changes in neutral composition was first raised by Seaton [1956] . He postulated that enhancements of 02 would result in increased electron ion recombination rates and hence decreases in electron density. The first attempt to quantify these changes was made by Duncan [1969] , who suggested that the largescale circulation pattern in the thermosphere may drive composition changes that could explain ionospheric storms. Modeling efforts by Hays et al. [1973] showed that the enhancements in N 2 occur when increased Joule heating in the auroral oval results in the upward transport of nitrogen-rich air from below.
Mayr and Volland [1973], Mayr and Hedin [1977]
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and Mayr and Trinks [1977] showed that the nitrogen-rich air that results from these upwellings could be redistributed by horizontal winds, leading to composition changes beyond the auroral oval. The morphology of these changes has been well described by Prtlss and coworkers [PrOlss, 1976 [PrOlss, , 1980 [PrOlss, , 1981 [PrOlss, , 1984 PrOlss and Fricke, 1976; PrOlss et al., 1988) and also by several other investigators [e.g., Jacchia et al., 1967; Taeusch et al., 1971; Allan and Cook, 1974; Chandra and Spencer, 1976; Hedin et al., 1977; Taeusch, 1977; Engebretson and Mauersberger, 1983] . The major advance in theoretical thermospheric physics in the 1980s was the development and testing of thermospheric general circulation models (TGCMs). Two TGCMs, in particular, have contributed greatly to our understanding of the thermosphere: the University College London (UCL) TGCM [Fuller-Rowell and Rees, 1980, 1983; Fuller-Rowell et al., 1987] and the National Center for Atmospheric Research (NCAR) TGCM [Dickinson et al., 1981; 1984] et al., 1985 , 1987 Fuller-Rowell et al., 1989] . Recently, it has been shown that both the UCL-TGCM and the NCAR-TIGCM do show realistic changes in neutral composition that can account for negative storm effects [Fuller-Rowell et al., 1991; Burns et al., 1991; 1992] .
Not only do GCMs predict negative storm effects in neutral composition (i.e., enhancements of N 2 density relative to O density), but both models also predict large regions where O density should be enhanced relative to the N 2 density [Rishbeth et al., 1987] . Figure I et al., 1981] that flew on board the 90.
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[1992].
The output fields of the NCAR-TIGCM can be treated in much the same way as data insofar as they can be interrogated further to gain a greater understanding of the basic physical processes that cause changes in the model. (unpublished manuscript, 1995) , and the trajectory processor described by Killeen and Roble [1985, 1986] and Burns et al.
[1991]. The trajectory processor treats the thermosphere as a set of parcels of air that can be traced through the model output in a Lagrangian sense. The packets can be traced either forward or backward in time. A parcel ofairwas traced backward intimeinthemodel runused, fromtheregion ofenhancements intheO/N 2ratio at 1900 hours UTtoitsposition before thestorm onset at1100 hours UT.Thisstorm timeparcel wascompared withthe equivalent parcel of airthatarrived atthesame location at 1900 hours UTduring quiet geomagnetic conditions togain a greater understanding of the causes of the anomalous enhancement of O/N 2 in thisevening sector. Theresults of thisstudy areshown in Figure 6 .Twofeatures related tothe starting pointof thestorm timetrajectory areparticularly important. First, thisparcel ofairisfound ata latitude that is about l0 deg. higher at0900 UTthanthat of theequivalent quiettime trajectory. Second, thestarting pointof this trajectory occurs ata later local time(about l hour later) than theequivalent quiettimetrajectory. Thetwoparcels travel similar paths until1200 UT(insofar astheymove through about thesame distance in longitude/local solar time, andthat theymove thesame distance poleward). At 1200 UTthepath of thestorm timetrajectory changes noticeably: thisparcel moves in anantisunward direction much lessrapidly than The situation is quite different in the storm time case.
Soon after the onset of the storm the pressure gradients reverse and start to drive the parcel equatorward. Initially, the equatorward winds are small, so the ion drag that is slowing this equatorward motion is also small. As the equatorward wind speeds increase, ion drag also increases. 
O/N2 Enhancements and Electron Density Changes
In the previous section we discussed the way in which changes in neutral composition can affect electron densities.
Here we investigate whether these changes in neutral composition possibly have a marked affect on electron densities in the evening sector of the middle latitude winter hemisphere. Such density increases were first observed in the 1970s [e.g., Mayr et al., 1978; Hedin et al., 1977; and Pr61ss et al., 1988] .
While they are large on a constant height surface, they tend to disappear on a constant pressure surface as the temperature effects are included in the pressure surface calculations.
There is a very noticeable trough in the N 2 densities in Figure 8 : it is about 10 deg. wide and is bounded by regions to the poleward, where N 2 densities increase markedly during the storm, and equatorward where N 2 densities are similar to their Figure 10 gives the change in N 2 density between the value calculated for orbit 6008 (day 250, September 7, 1982) and the equivalent quiet time value calculated from MSIS [Hedin, 1987] . Differences between electron densities from this orbit and the equivalent quiet-time electron densities calculated using the IRI model are also plotted on this graph. 
